Abstract. Experimental data on the shape of hadronic momentum spectra are compared to theoretical predictions in the context of calculations in the Modified Leading Log Approximation (MLLA), under the assumption of Local Parton Hadron Duality (LPHD). Considered are experimental measurements at e+e--colliders of ~, the position of the maximum in the distribution of ~p = log(1/xp), where :% = P/Pbeam-The parameter (~ is determined for various hadrons at various centre of mass energies. The dependence on the hadron type poses some interesting questions about the process of hadron-formation. The dependence of ~ on the centre of mass energy is seen to be described adequately by perturbation theory. A quantitative check of LPHD + MLLA is possible by extracting a value of cb from an overall fit to the scaling behaviour of (~.
Introduction
During a few years of LEP running, a large amount of information has been collected on identified hadron species in jets. The higher centre of mass energy of LEP, compared to past e+e -accelerators, makes it easier to separate the behaviour of hadrons with a high momentum, which are correlated strongly to the primary quark, from those with a low momentum, created mainly during fragmentation and hadronisation.
Clear scaling violations have been observed in the shape of the charged particle distribution of xp = p/Ebeam as a function of the centre of mass energy. The strong coupling constant has been extracted from these scaling violations, using the behaviour at high momenta: 0.2 < xp < 0.7 [1].
Due to the larger statistical errors this is not possible for individually identified hadron species. However, low momentum data for specific types of hadrons may be used to study the properties of jet-evolution and hadron-formation in the context of the LPHD hypothesis and MLLA calculations of patton spectra [2, 3, 4, 5] . The assumption of 'Local Parton Hadron Duality' (LPHD) states that a calculated spectrum for 'partons' in a 'parton shower' can be related to the spectrum of real hadrons by simple normalisation constants. These constants have to be determined by experiment. A second assumption is that the low momentum part of the spectrum is not influenced in a significant way by hadrons that are correlated to the primary quark.
Calculations of the parton spectra in the 'Modified Leading Log Approximation' (MLLA) take into account nextto-leading logarithms in a consistent fashion. The physical mechanism relevant to these next-to-leading logarithms is the coherent emission of soft gluons inside a jet, leading to an angular ordering and an effective transverse momentum cutoff for the partons. Parton jets develop through repeated patton splittings, resulting in an increase of the multiplicity at lower momenta. The interplay of coherent emission of gluons and the creation of hadrons causes this spectrum to be cut off at very low momenta. Calculations predict the shape of the distribution of ~p = log(1/x;). The resulting 'humpbacked' distribution is nearly gaussian. As an example, the Monte Carlo spectrum of the A baryon in Z ~ decays can be seen in figures 1 and 2. In the following, the maximum ~ in the ~p distribution will be determined for various types of hadrons and at various centre of mass energies. Subsequently a comparison is made with the theoretical calculations. Figure 1 shows that LPHD is not an obvious assumption: in the JETSET Monte Carlo [6], the spectrum of e.g. a A baryon depends on its 'parent' particle. The LPHD assumption states that the sum of these spectra is proportional to the spectrum as calculated for a parton shower with a correctly chosen energy cut-off.
Moreover, the JETSET momentum spectrum of the A baryon (figure 2) shows a strong dependence on the flavour of the primary quarks. For the heavier quarks, s, c and b, the flavour dependence does not only manifest itself at high momenta, but also affects the distribution at low momenta. This will cause shifts of (~ that depend on the jet-flavour.
The spectrum of all charged particles at LEP has been fitted to the MLLA distribution, with free normalisation factors for pions, kaons and protons, depending on the centre of mass energy [7, 8] . It was quite surprising [4] that the MLLA functions can also fit the high momentum part in the data for pions. This is probably a coincidence, since the heavier K ~ meson has a spectrum that can not be fitted as nicely at large zp.
One way to see whether the observed shape of the spectrum is really due to coherent gluon emission is to compare experimental data to predictions of the JETSET Monte Carlo program, with the coherence (angular ordering) either turned on or turned off. The large dependence on the primary quark flavours and the fact that coherence in JETSET is not really necessary to fit the experimental data has led some to the conclusion [9] that coherence can not be demonstrated on the basis of hadron momentum spectra.
Here an attempt will be made to infer more information using the properties of identified hadrons, concentrating on the observable (~. This is done for data from LEP and from various other e+e colliders. Subsequently, the available results for (p are compared to the LPHD + MLLA approach [2, 3] . 
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